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NATIONAT ADVISORY COMMITTEE FOR AFERONAUTICS
TECHNICAL NOTE NO. 574

TANK TESTS OF LODELS OF FLYING-BOAT HULLS
HAVING LONGITUDINAL STEPS

By John H. Allison and Kenneth E. Ward
SUMMARY

Four models with longitudinal steps on the forebody
were developed by modification of 2 model of a conventional
hull and were tested in the N.A.C.,A. tank, The same af-
terbvody, of the usual V-section, was used with all the
forebodies and the depth of the transverse step at the
keel was the same in all cases. Two models had two lon-
gitudinal steps on each side, one with constant dead rise
and depth of steps, the other with varying dead rises be-
tween steps and different depths of steps. - The other two
models each had one longitudinal step and were derived
from the second of the two-step models by eliminating
first the inboard and then the outboard step gligrnatively.

The models with longitudinal steps were found to have
smaller resistance at high speed and greater resistance at
low speed than the parent model that had the same after-
body but a conventional V-section forebody. The models
with a single longitudinal step had better performance at
hump speed.and as low high-speed reslstance excent at very
light loads. :

Spray strips at angles from 0° to 45° to the horiqgn—
on one of the two-step models having two longitudinal
steps. The resistance and the height of the spray were
less with each of the spray strips than without; the most
favorable angle was found to lie between 159 and 300, L
Spray strips of two different widths (0.020 and 0,007 beam)
wore fitted and it was found that the rosistance was
8lightly greater with the narrower strip. Xliminating the
spray strip on the outboard step was found to decreasec dbut
little the . .effectiveness of the combination., In still an-
other phase of the investigation the inboard- and ' outboard
step spray strips were shortened without adding appreciably
to the resistance or the height of the bow wave. T
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INTRODUCTION

Longitudinally fluted or stepped bottoms have been
used on the hulls of seaplanes in this country and abroad
to reduce the high-speed resistance of the hull in the
water and, in some cases, to reduce the height of the
spray. Hulls of this type have discontinuities in the
transverse sections, which may be produced either by sharp
intersections of curved section lines, as in the case of
the fluted bottom, or by vertical longitudinal steps in
the bottom surface. Tank tests of hulls having fluted
bottoms have been reported in references 1 and 2., The
second type of hull, that having longitudinal steps, is
congidered in the present report. Both types, as used in
practice, have at least one transverse step in addition to
the longitudinal steps.

Although models having longitudinal steps have been
tested and the results published (references 3 and 4), sb
far as is known no correlation of the results with the
tests of similar or parent models has bsen made. 1In the
present investigation, the longitudinal-step models were
derived from one parent model of conventional form, and
the changes in performance due to longitudlnal steps of
certain types were determined. Two important variables,
the angle of dead rise and the depth of the transverse
step, were necessarily somewhat affected by the modifica-
tions. It was believed that a comparison of the results,
-however, would show the general effects of converting a
conventional hull into one having longitudinal steps. Fur-
ther investigations in the N.A.C.A. tank of the effects of
longi tudinal steps are contemplated, in which it is pro-
posed to determine the individual forces on the forebody
and afterbody measured simultaneously. This type of test
should permit a study of the effects on both the forebody
and the afterbody due to the longitudinal steps.

Extensive tests have beoen made of models having spray
strips installed on the chines (references 5 and &) and tt
hes been shown that spray strips are effective in reduclng
“both the resistance and the spray. In the presant series
of tests, models with spray strips at each longitudinal
step were tested to determine their effectiveness.

In the tests herein described, the effects of elimi-
nating the spray strips on the outboard steps and of short-
ening the strips on both the inboard and the outboard steps
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were studied to determine, if possible, the minimum number
and length of strips required to keep down the resistance
on a model of this type.

APPARATUS AND PROCEDURE

The N.A.C.A. tank and equipment used in these tests
were essentially as described in reference 1 with the ex-
coption of a different type of towing gear, which has been
described in roference 7., For this series of tests the
towing gear was laterally restrained by ball-bearing roll-
ers running on vertical guide bars fixed to the carriage.

Most of the models were tested by the general method,
which congists of towing the model at several fixed ktrims
using a number of constant loads over a range of speeds.
The load on the water and the trim are made the independent
test variables for which simultaneous values of speed, re-
sistance, trimming moment, and draft are recorded. Suffi-
clent trims are tried to determine by cross plots the best
trim; that is, the trim giving minimum resistance for every
load and speed used.

DESCRIPTION OF MODELS

The lines of model 11-C, the parent of the modsels used
in the present investigation, are shown in figure 1l. Con-
versions into longitudinal-step models were made by insert-
ing blocks in the forebody. All the variations had the
same afterbody and the depth of the step at the keel was
kept constant. The following table gives the prinecipal
data required for the identification of the difforent mod=
sls. — -



Model |Offsets{Photograph|Drawing j Test data Degeription
Table Figuore Figure Figure

11-0 I - 1,2(a) 4 ta 9 | Parent.

11-E II 2(a) 3(b) | 10 to 16 | Varying dead risel, two longitudinal steps®:
no gpray strips.

11-E-1 - - - 16 to 21 | 11-E with three gpray strips 0.020 besm in width
bent down 45°; inboard and chine strips 1.78
beam, cutboard 1.49 beam in length.

11-B-2 -~ - - 22 to 27 | Seme as 11-E-1 except spray strips bent down 30°

11-B-3 — - - 28 to 32 | Same as 11-E-} except sprey strips bent down 15°,

11-E~-4 e -— - 33 to 37 | Seme as 11-E-1 except spray strips set at 0°.

11-E-b - - - 38 to 45 | 11-E-2 with outboard-siep sprey strips removed.

11-E-6 - —_— - 44 to 49 | 11-E with three spray strips 0.007 beam in width
bent down 30°. |

11-B-7 —— - - 50 to 55| 11-E-6 with outboard-step spray strips removed.

11-F III 2(b) 3(c) | 56 to 61 | Constant desd risel, two longitudinal steps®; no
gpray strips.

11-F-1 - - - 62 to 67 { 1l-F with thrse spray strips 0.020 heam in width
bent down 30°; strip length seme as for 11-E-1.

11-F-2 _— - - 68 11-F-1 with inboard strip shortened to 1.05 beam.

11-7-3 _— —— —_— 68 11-F with outboard strip sghortened to 0.90 beam
and inboard strip shortened to 0.61 beam,

11-M IV 2(e) 3(d) 689 to 74| 11-E with inboard step eliminated.

- 11-N v 2(4) 3{e) 75 to 80| 11-E with outboard step eliminated.

1
The dead rise of the individual planing bottoms separated by the longitudinal steps. (8ee fig.3.)

2

Two longltudinel steps on each side of longitudinel center line of model.
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RESULTS

Test data.- In figures 4 to 80 resistance and trim-
ming moment are plotted against speed for each trim T
with load as & parameter. The air drag of the model was
included in the water resistance of the model. The center
about which the moments were taken is shown in figure 1.
Moments tending to raise the bow were eonsidered positive.
Trims were measured between the horigzontal and the basse
line, which in this case was the deck line of the model,

Nondimensional results.~ The resistance at a given
speed and load was plotted agalnst frim to determine the

minimum. The minimum values of the resistance were then
reduced to nondimensional form and are proscnted as curves
of reosistance coefficient against speed coeffliciont with
load coefficient as a parameter. The nondimonsional co-
efficicnts used are dcfined as follows:

A _
Load coefficient, Cp = g3
R
Resistance coefficient, Op = 7 _ —
: ¥ . :
Trimming-moment coefficient, GM = oy : =

Speed coefficient, Cy =

s
JED
where A 1is the load on the water, 1lb.
R, resistance, 1b.
M, trimming moment, lb.-ft,
'V, speed, ft./sec.

w, specific weight of water, 1b./cu. ft. (63.5 for
the present test).

b, beam of hull, ft,

g, acceleration of gravity, ft./sec® . o

The trimming-moment coefficient and the draft-beam
ratio at rest are plotted in figures 81 and 82. They are
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useful in calculating longitudinal gtability and in deter-
mining water lines of the hull for various static condi-
tions.

DISCUSSION

Effect of Longitudinal Steps

Registance characteristics.- Longitudinal steps were

found in general to increase the hump resistance and to
decreagse the high-speed resistance. The increase at the
hump may be attributed partly to the increased turbulence
produced in the cross flow by the sharp discontinuities;
the decrease at high speed is due to the fact that the wa-
ter is thrown clear of the bottom at the longitudinal
steps and the resistance is lowered by thus decreasing the
effeoctive beam and woetted surfaco. When making compari-
sons of the models, it should be remembered that two vari-
ables, the angle of dead rise and the depth of the trans-
verse step, are affected by variations of the longitudinal
steps. The curves of resistance coefficlent at best trim
against speed coefficient for models 11-C, 11-8, and 1ll1-F
are shown in figures 83, 84, and 85; the load~resistance
ratio at hump speed and at two high speeds is shown in
figure 86, Model 11-C, the parent model, has smaller hump
registance and greater high-speed resistance than either
of the two~-step models, which show to the best advantage
at high speeds and light loads. Model 1l1-E (varying angle
of dead rise) has greater hump resistance and smaller high-
speed resistance than model 11-F (constant angle of dsad
rise). Most of this change can probably be attridbuted %o
the greater depth of the inboard step of 11-E,

A comparison of the resigtance of model 11-% and its
derived forme, 1ll-M and 1l1-N, can be made from figures 84,
87, 88, and 89, The curves show that eliminating the out-
board step of 11-E (model 11-N) lowers the resistance at
the hump, probably by reducing the amount of turbulence.,
Resistance at high spoed is not changed much becausec the
effective beam remains the same. Xliminating the inboard
step (model 11-M) considerably lowers the hump resistance
but increases the resistance at high speeds and lighd
loads since the effective beam has beoen increased.

It is concluded thet eingle longltudinal-step hulls
of the types tested ars superior to those having two steps



N.A.C.A, Technical Note Na. 574 7

inasmuch as, by the proper selection of the digtance be-
tween the steps, the hump resistance can be reduced while
the high-speed resistance remains relatively unaffected,

Trimming-moment and trim characterigticg.- The effect
on best trim produced by converting the parent, 11-C, into

the two-step variations, 11-E and 11-F, is shown in figure
90, Modsel 11-C has, in general, a greater best trim at

all speeds than the derived models, which may be partly ac-
counted for by ite greater effective angle of dead wise.
Model 11-C also shows & lower maximum positive trimming mo-
ment at hump speed for best trim than 1l1-¥ and 11-F.

Effect of Spray Strips

Resistance cheracteristicg.~ A detailed;compdfison of
the effect of angle of gpray strip on resistance, mads from

figures 91 to 94 (O against Cy), shows that the resist-
ance changes slowly with a moderate change in the angle of
spray strip. The load-resistance ratio, A/R, plotted
against the angle of the spray strip in figure 95 for three
typlcal values of the speed coefficient was developed from
thegse figures. At hump speed there is very littls differ-
ence in A/R with change in angle of spray strip. At
higher speeds the optimum angle apparently lies bstween 159
and 30%; the angle increases with load.

A comparison of the resistance coefficients at the
same load and speed by means of the Cp against Cy

curves of models 11-B-2 and 11-E-6 (figs. 92 and 97) shows
that the resistance is not very sensitive to changes in
width of spray strip. The change was purpossely made groat
(0.020b %o 0.007b) with the intention of testing inter-
mediate widths if the results showed considerable differ-
ence, Mpdel 1l1l-E-.2 has slightly lower resistance at speeds
between the hump and moderately high speeds; at other
speeds the resistances are practically the same., All the
models fitted with spray strips show improvement over the
model without spray strips. A comparison of the resistance
curves of models 11-E-2 and 11-E-5 (figs. 92 and 96) shows
that removing the spray strip from the outboard step does
not greatly affect the resistance. A comparison of figures
97 and 98 gives similar results for the narrower spray
strips (0.007b wide). The curves show that model 11-E-7
with two spray strips has almost as low resistance as
11~-E-6 with three spray strips. Most of the loss in per-
formance caused by removing one spray strip occurs at Cy =
4,5 to 6.0 and for CA = 0.15 to 0.25.
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In order to extend the investigation of the effects
of spray strips to models having longitudinal steps of
somewhat different form, tests were made of model 11-F
fitted with three spray strips 0.020b wide set at 30°
(model 11-F~1)., The results (figs 99) indicate that the
addition of spray strips to 1ll-F gave improvement of the
same ordsr as that found for 11-E,

Additional tests were made of model 11-F equipped
with three spray strips to determine whether the lengths
of the strips could be reduced without seriously affect-
ing the resistence characterigtics. The curves of ab-
breviated test data for models 11l-¥F-1l, 1ll-F-2, and 11-F-3
(fig. 68) show that shortening the spray strip on the in-
board step to approximately two-thirds beam length ahead
of the mstep and shortening the strip on the outboard step
to a trifle under beam length would not greatly raise the
registance. It was believed that the strips could not bde
further shortened without sacrificing performance inas-
much as the reduced lengths used in these tests were in
the water at moderate speecds above the hump. The chine
strip was not shortened because it was needed to reduce
the height of the bow wave at low spesds.

Trimming-moment characteristics.-~- The plots of trim-
ming moment in the curves of original data (figs. 34 to
55) ghow that the addition of spray strips reduces some-
whet the maximum positive trimming moments at hump speed.
This result bears out the resulte of reference 4,

Spray Characteristics

Photographs showing the spray patterns at low speeds
of the models as affected by longitudinal steps and by
spray strips are shown in figure 100, Observations during
the tests showed that a model having longltudinal steps
had more turbulence in the bow-~wave formaetion than the
parent model but & slightly reduced hoight of the wave,
The single-longitudinal-~step modoels showed less turbulence
than those having two longitudinal steps. Adding three
full-length spray strips to a two-longitudinal-step model
(see fig. 100(c)) reduced the height of the wave but in-
creased the turbulencs.

Typical high-speed spray formation is shown in fig-
ure 101, The addition of. epray strips 0.007b wide to mod-
el 11-F reduced the height of the spray (see fig. 101(e));
the wider spray strips (0.020b) had a slightly more pro=——
nounced effect. Shortening the length of the spray strips



N.A.C.A. Technical Note No. 574 9

on the inboard and outboard step of model 11-F, as in mod-
el 11-F-3, produced but little increase in the height of
the spray.

CONCLUSIONS

The following conclusions pertain €5 hulls having
longitudinal steps spaced one-third and two-thirds of the
half beam from the keel:

1. In géneral, the conversion of a V-type forebody to
one having ‘longitudinal steps increases the hump resist-
ance and decreases the high-speed resistance of the hull,

2. Reducing the number of longitudinal steps on ocach
side from two to one decreases the hump resistance bdbut
adds somewhat to the high-speed resistance.

3. The resistance of a single-longitudinal-step model
having the step at one-third the half beam is generally
less than that of a model having the step at two-thirds
the half beam, except for heavy loads at the hump. -

4, Spray strips reduce the height of the spray at
practically all speeds. Resistance is reduced at both
hump and high speeds, particularly for heavy loads.

5. The optimum angle of the spray strip is betwsen
150 and 309, The resistance changes but little with mod-
erate change in angle.

6. The resletance is only slightly increased with a
decrease in the width of spray strip.

7. The spray strips on the outboard steps of a2 two-
longitudinal-step model esquipped with three full-length
strips may be removed without sacrificing performance eX-
cept at medium spseeds.

8, The spray sitrips on the inboard steps of a two-
step model may be shortened to about two-thirds bean
length and the strips on the outboard steps to about ons
beam length without appreciably incroeasing the resistances.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Asronautics,
Langley Pield, Va,.,, May 13, 1936.
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TABLE I

Offsets for N.A.C.A. Model No., 11-0 Flying-Boat Hull (Inches)

Digtance from bgse line Half breadths
Dig~
8ta~ | tance| Keel)_ Bl B3 B3 B4 BS |Main |OQove [Upper |Main |Oove|Upper |, WLl | WL3 |WL3 |WL4 |WLE |8ta-
tion %rgm 11.60] 3.00| 4.60| 6.00| 7.50|chine chins johine ohine a13.50 11..00)9.60/8.00]|6.650] tion
F.F. | 0.0 4,00 4,00 0.15 F.P,
1/2 2.4 9.17| 5.80 5.39 2.07 0.53(1.16 1{3
1 4.8 | 10,85| 8.30| 6.64 6.34 3.63 0,75(1.64|3.33
1-1/38] 7.2 | 11.87| 9.72] 8.12| 7.24 7.18 4,87 0.64(1.67]|3.16 1-1/3
3 9.6 | 13,53(10.78| 9.37| 8.37 7.87 5.58 0.18| 1.30|3.74(56.13 a
3 14.4 | 13.21112.01110.83) 9.83) 8.13 8.89 6.90 .83| 2,78!5.10 3
4 19.3 | 13.4%|12.62(11.72(10.91|10.18}| 9.63| 8.56 7.7 4
6 34,0 [413,.58|13.94|13.33(11.55(|10.85|10,33| 9.97 8.17 5
Elements of stantiona )
8 8.8 13'68r3§traight lines from here aft]-0-1? 3.40 &
] 33.8 1|13.75 10,30 q.49 7
3 38.4 |}13.83 10,58 8.60 2 B
9 45,2 |]|13.92 lniatance from center 10.47 8.60 Distance from basge 9
10,F.148.0 (V14,00 line (plane of sym— 10,55 8.50 line to water line 10,F,
10,A.(48.0 |Al3.44 metry) to buttock 2,98 8,50 (section of hull 10,A.
11 |52.8 ||12.97 (section of hull - 8,61 8,50 gurface made by a 1.
13 57.8 |[13.51 gurface made by & 9.8218.29 | 8.18| 8.10(8.10] 8.40 horigonial plane 12
13 63.4 ||13.04 vertical plane par- 9,33|7.83} 7.15| 6.97]8.97| 8.11 parallel to base 13
14 [67.2 |[11.58 allel to plane of 9.54(7.27 | 8.28) 5.07/5.07| 7.58|  line) 14
15 72.0 %%%1 symetzy) 10.10(7.17 | 6.44]| 3.59)2.59) 6.77 15
8:P. |76.0 & "’ 34 10.72|7.28 .30| .30 9.P.
16 76.8 7.04 4.7 5.78 16
17 81.8 5.91 4,08 4,81 17
18 85.4 4,77 3,48 3.31 18
19 91.3 3.64 2.91 1.20 19
20 |98.0 |v 3.50 3.39 .40 20
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TABLE IX

Offgeta for Forebody of N.A.J.A. Model 11-E Flying-Boat Hull {Inches)

Dig- Distances from line Half-breadths
8ta—- |tance [ Kesl Inboazd Outboard Bl | B3 | B3 | B4 | B6 | In- | Oug—|Main | WL1 3 WLd
tion |from 211 gtep 1.60| 3.00| 4.60| 6.00| 7.50|board board johine |12.5011.00 8.00

F.P, Lower[Upper |Lower |Upper step |atep
F.P. | 0,00] 4.00 4 0.18
1/a | 2.40| 9.17 B 5.90 3.07 0.53|1.18
1 4.80 | 10.85 6. 8.30| 8.84 3.63 1.68418.53
1-1/3] 7.30 | 11.87 7 9.73| 8.18] 7.34 4.67 0.64 3.15
a 9.80 | 13.53 7.87[10.76| 9.37| 8.3% 5.60| 0.18( 1.50 5,13
z 14,30 [ 13,31 [11. 35| 11.536] 9.77[ 9.77| & 13.00(10.85 | 9.83] 9.13 2.30| 4.80| 6.90| .93| 2.76]
4 18.30 | 18.47|12,30|11.89|10.63|10.48 | 9 12.74)11.68 [10.85]10.11| $.80| 2.6%| 5.14| 7.71| 1.98| 4.31
5 34.00 [413.58+412,78(12.23(|11.11{10.95 | @ 12.11 [11,47(10.75(|10.18| 2.73| 6.45| B.17 :
8 32.80 )/13.88413.13/12.468)11.63(11.26 13,89 11.87[11.09|10.61) 2.80| 5.60| 8.40 8.33
yi $3.60 ||13.7541.5.26(13,62111.73(|11.44 11.30010.69| 3.82| 5.66| B.48 6.7
a8 38,40 |[1Z.8541.3.49] 23, 75M1.04 [11. 554 10. 38 ] 3.83[ 65.68[ B.560
3 45,30 |[13.92413.57(|13.61+12.05 11.64j~10 v 3.83| 5.68| 8.60
10,P.]48.00 [¥14.00+13.65|12.09+13.14/11.734+10. 656 3.83] 6.68| 8.50

TABLE I1I
Offaets for Forsbody of M.A.0.A. Model 11-F Flying-Boat Hull (Inohoa).

F.P. | 0.00[ 2.00 0.16
1/8 2.40| 9.17 6.29| 5.80 3.07 0.53
1 | 4.80]10.85 6.34| 8.30| 8.64 , 3,63 0.73]|1.84
1-1/3| 7.30 ] 11.87 7.18] 9.73| 8.13| 7.34 4.67 0.84]1.87{3,16
2 | 9.80][213. 7.87|10.78| 9.37| B.37 5.59 8| 1.3018.74|5.18]
3 14.40 | 12.31[11.36|11.85] 9.77| 9.7/ | 6.89|12.0110.83| 2.83| 9.13 3.50| 4.60] 6.90| .93| 3.78]6.1D
4 19.30 | 13.47(13.07/11.89|10.63|10.48 | 9.51(13.66(11.66[10.856|10.08| 8.63| 2.57| 65.14| 7.71.| 1.78| 4.31
5 34.00 13.581*13.53 12.23(11.11(10.95 | 10.11 13.11(11.47|10.71(10.33] 3.73| 5.46| B.1%7
8 38.80 [1.3.66 }12.83|13,46|11.53|12.25 | 10.46 12.2911.87|11.13/|10.84| 3.80| 5.60] 8.40 6.33
7 135.60 [[13.75415.00/13.63411.79 |11.44 | 10.68 11.34010.001 3. 5.66] 8,48 7.
) $8.40 [|13.85518. 1113, 73+ 11 .04 [11.56F 10.78 3.83| 5.68| 8.B0
] 43,20 ||13.92413.30 13.85*12.05 11.Mj 10.88 2.83| 5.88| B.BO
10,TF.| 48,00 [*14.00415.39113.88412.14(11.73 [ 10,97 2.83]| 6.88| 8.60;
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TABLE IV
Offsets for Forebody of N.A.0.A. Model 11-M Flying-Boat Hull (Inches)
Dis- Digtance from bage line Half-breadths
8ta- |tance | Keel| Bl 3 B3 B4 B Outboard Main Out— |Maln | WL1 | WL2 | WL3| WL4| WL5
tion |[from 1.50| 3.00| 4.50| 6.00 | 7.60 step ohine | board | chine|13.5011.0019.50|8.00]6.50
F.P. Lower [Upper step
F.P. | 0.00 | 4.00 4.00 0.15
1/8 3.40 | 9.17| 5.90 5.28 3.07 0.5311.16
1 4.80 (10.85| 8.30| 6.64 6.34 3.53 0.73(1.643.33
1-1/3| 7.20 |11.87| 9.73| 8.13| 7.34 7.18 4.67 0.64(1.673.16
a 9.60 |13.52(10.76 | 9.37| 8.37 7.87 5.59! 0.18 1.30]|3.745.13
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N.A.C.A. Teohnical Noite No. 574 Fig. 3

{(a) Model 11-E.

(e) Bloek for model 11-X.

(b) Bloeck for model 11-F
with spray strips,

{d) Model 11-N.

Figure 3.~ Photographse of longitudinal step models.
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Tigs. 08,91,93,93
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¥odel 11-F - Model 1l-F-1
Iwo longitudinel steps, 11=-F with spray siripse
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